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57 ABSTRACT

An electro-optical device includes a substrate; a translucent
pixel electrode installed at one side of the substrate; and a
storage capacitor which is installed between the pixel elec-
trode and the substrate, and in which a translucent first elec-
trode layer overlapping with the pixel electrode in a plane
view, a translucent second electrode layer electrically con-
nected to the pixel electrode, and a translucent dielectric layer
interposed between the first electrode layer and the second
electrode layer are laminated.

18 Claims, 8 Drawing Sheets
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ELECTRO-OPTICAL DEVICE,
PROJECTION-TYPE DISPLAY DEVICE, AND
ELECTRONIC APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to an electro-optical device,
and a projection-type display device and an electronic appa-
ratus having the electro-optical device, in which a storage
capacitor is installed to an element substrate.

2. Related Art

In an active matrix-type electro-optical device such as a
liquid crystal device or an organic electroluminescence
device, pixels having a pixel transistor and a translucent pixel
electrode are disposed in a matrix shape, and an image signal
is supplied to the pixel transistor by using the time when the
pixel transistor is turned on by the scanning signal through the
scanning line. In addition, in the electro-optical device, by
providing a storage capacitor to each pixel, it is designed to
promote higher contrast in a displayed image. At this time,
since an electrode of the storage capacitor is formed from a
light blocking material such as a metallic film, so as not to
disturb the output of display light from the pixels, a region is
provided which overlaps in a plane view in an interpixel
region which is interposed by adjacent pixel electrodes (see
JP-A-2010-96966).

However, in the electro-optical device, in a case where
reducing the pixel pitch or decreasing the pixel size is
attempted for the purpose of forming a more precise image or
the like, in a state of the configuration disclosed in JP-A-
2010-96966, a sufficient area to form a storage capacitor
cannot be ensured, and a storage capacitor with sufficient
capacity cannot be configured. Particularly, among liquid
crystal devices, in a transmission-type liquid crystal device or
a bottom emission-type organic electroluminescence device
which outputs a display light from a substrate body, since a
storage capacitor must be provided at a location not disturb-
ing the output of a display light, the above problems are
remarkable.

Here, as schematically shown in FIG. 9, there is proposed
a liquid crystal device which has a translucent dielectric layer
40 and a translucent electrode 7w at a region overlapping with
a translucent pixel electrode 94 in a plane view and applies a
common potential to the electrode 7w and a common elec-
trode 21 of an opposite substrate 20 side (see JP-A-2010-
176119). In the corresponding liquid crystal device, since the
storage capacitor 55w is configured by a translucent pixel
electrode 9q, a translucent dielectric layer 40, and a translu-
cent electrode 7w, even though a region where a storage
capacitor 55w is formed is extended the output of a display
light is not disturbed.

In the configuration disclosed in JP-A-2010-176119, the
orientation of the liquid crystal layer 50 near the end portion
of'the pixel electrode 9a cannot be suitably controlled, and the
precision of the image is deteriorated. In more detail, in the
liquid crystal device, the orientation of liquid crystal mol-
ecules is controlled by a vertical electric field (electric field
indicated by the arrow V1) generated between the pixel elec-
trode 9a of the element substrate 10 side and a common
electrode 21 of the opposite substrate 20 side to which a
common potential is applied. However, in the configuration
disclosed in JP-A-2010-176119, in the region overlapping
with an inter-pixel region 10f interposed between adjacent
pixel electrode 9a, only a dielectric layer 40 is present at an
upper layer of the electrode 7w to which a common potential
is applied. For this reason, an unnecessary electric field (elec-
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tric field indicated by the arrow V2) passing through the liquid
crystal layer 50 is generated between the pixel electrode 9a
and the electrode 7w. For this reason, in the liquid crystal
layer 50, the potential distribution is disarrayed near the end
portion of the pixel electrode 9a, and so the orientation of the
liquid crystal molecules is in disarray.

SUMMARY

An advantage of some aspects ofthe invention is to provide
an electro-optical device in which the output light quantity of
a display light is not easily deteriorated and the potential
distribution is not easily disarrayed near the end portion of a
pixel electrode even though the formation region of the stor-
age capacitor is spread; and a projection-type display device
and an electronic apparatus having the electro-optical device.

According to an aspect of the invention, there is provided
an electro-optical device, which includes a substrate; a trans-
lucent pixel electrode installed at one side of the substrate;
and a storage capacitor which is installed between the pixel
electrode and the substrate, and in which a translucent first
electrode layer overlapping with the pixel electrode in a plane
view, a translucent second electrode layer electrically con-
nected to the pixel electrode, and a translucent dielectric layer
interposed between the first electrode layer and the second
electrode layer are laminated.

In the aspect of the invention, since the storage capacitor is
configured by using the translucent first electrode layer, the
translucent dielectric layer, and the translucent second elec-
trode layer, even though the formation region of the storage
capacitor is spread to increase the capacity value of the stor-
age capacitor, the output light quantity of the display light is
not disturbed. In addition, in the invention, since two trans-
Iucent electrodes (a first electrode layer and a second elec-
trode layer) other than the pixel electrode are used, the trans-
lucent interlayer insulating film may be provided between the
storage capacitor and the pixel electrode. Therefore, even in
the case where the first electrode layer is present in the region
overlapping the space between adjacent pixel electrodes (the
inter-pixel region) in a plane view, at least the interlayer
insulating film is interposed between the first electrode layer
and the pixel electrode, and so it is advantageously difficult
for an unnecessary electric field to be generated between the
end portion of the pixel electrode and the first electrode layer.

In the aspect of the invention, the first electrode layer may
have an opening in a region overlapping the space between
adjacent pixel electrodes, and in a region overlapping with the
opening in a plane view, a first relay electrode electrically
connecting the pixel electrode and the second electrode layer
may be installed. According to this configuration, even in the
case where the first electrode layer is formed over a wide
range, electric connection may be made to the pixel electrode.
In addition, since the opening formed in the region overlap-
ping the space between adjacent pixel electrodes is used,
electric connection may be made to the pixel electrode with-
out greatly reducing the region where the display light may be
output.

In the aspect of the invention, the first relay electrode may
include an extended portion in a first direction in a region
overlapping the space between adjacent pixel electrodes in a
plane view, and a curved portion curved from the extended
portion in a second direction crossing the first direction and
curved in a second direction, a first contact hole for electri-
cally connecting the first relay electrode and the second elec-
trode layer may be installed in a region overlapping with the
extended portion, and a second contact hole for electrically
connecting the first relay electrode and the pixel electrode
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may be installed in a region overlapping with the curved
portion. According to this configuration, since the first relay
electrode formed in the region overlapping the space between
adjacent pixel electrodes is used, electric connection may be
made to the pixel electrode without greatly reducing the
region where the display light may be output.

In the aspect of the invention, a transistor installed to cor-
respond to the pixel electrode and a second relay electrode for
electrically connecting the transistor and the first relay elec-
trode may be further provided; the second relay electrode may
be disposed to overlap with the transistor in a plane view and
disposed to extend in the first direction in the region overlap-
ping the space between adjacent pixel electrodes; the first
relay electrode may include, in a plane view, an overlapping
portion extending in the first direction in the region overlap-
ping the space between adjacent pixel electrodes to overlap
with the second relay electrode in a plane view, and a pro-
truding portion protruding in the first direction from the end
of the second relay electrode in the region overlapping the
space between adjacent pixel electrodes in a plane view; the
second electrode layer may be electrically connected to the
overlapping portion through the first contact hole; and the
pixel electrode may be electrically connected to the protrud-
ing portion through the second contact hole. According to this
configuration, since the first relay electrode and the second
relay electrode formed in the region overlapping the space
between adjacent pixel electrodes are used, electric connec-
tion may be made to the pixel electrode without greatly reduc-
ing the region where the display light may be output.

In the aspect of the invention, the first electrode layer may
be installed to the dielectric layer at the substrate side, and the
second electrode layer may be installed to the dielectric layer
atthe pixel electrode side. According to this configuration, the
dielectric layer is also interposed between the first electrode
layer and the pixel electrode together with the interlayer
insulating film. Therefore, it is possible to prevent an unnec-
essary electric field from being generated between the end
portion of the pixel electrode and the first electrode layer. In
addition, in the first electrode layer, the pixel electrode and the
second electrode layer to which a pixel potential is applied are
present at only one side, and the pixel electrode and the
second electrode layer are not present at the substrate side of
the first electrode layer. Therefore, since the unnecessary
capacity is not parasitic between the pixel electrode, the sec-
ond electrode layer and the data line or the like, a driving loss
is not generated. Therefore, it is possible to reduce power
consumption.

In the aspect of the invention, the first electrode layer may
be installed to the dielectric layer at the pixel electrode side,
and the second electrode layer may be installed to the dielec-
tric layer at the substrate side. Even in this configuration,
since the interlayer insulating film may be interposed
between the first electrode layer and the pixel electrode, it is
possible to prevent an unnecessary electric field from being
generated between the end portion of the pixel electrode and
the first electrode layer.

In the aspect of the invention, the surface of an interlayer
insulating film installed between the storage capacitor and the
pixel electrode preferably may have a flat side. According to
this configuration, the thickness of the interlayer insulating
film increases by the thickness of the second electrode layer in
comparison to the region overlapping with the second elec-
trode layer. Therefore, it is advantageously difficult for an
unnecessary electric field to be generated between the first
electrode layer and the pixel electrode.

In the aspect of the invention, the first electrode layer may
be installed at the entire surface of a pixel arrangement region
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where a plurality of the pixel electrodes is arranged. In the
aspect of the invention, since it is difficult for an unnecessary
electric field to be generated between the first electrode layer
and the pixel electrode, even though the area where the first
electrode layer is located is increased between adjacent pixel
electrodes (the inter-pixel region) by forming the first elec-
trode layer over a wide range, the influence of an unnecessary
electric field may not be generated.

In the aspect of the invention, a light-shielding layer may
be installed in the region overlapping the space between adja-
cent pixel electrodes in a plane view, and the storage capacitor
may be at least installed within the region overlapping a
translucent region surrounded by the light-shielding layer in
a plane view. In the case where the light-shielding layer is
installed in the region overlapping with the inter-pixel region
in a plane view, since the translucent region may be easily
narrowed, great effects may be obtained when the invention is
applied.

Inthe case where an electro-optical device according to the
aspect of the invention is configured using the liquid crystal
device, the substrate may retain a liquid crystal layer between
the substrate and a translucent opposite substrate oppositely
disposed at one surface side of the substrate.

The electro-optical device according to the aspect of the
invention may be used as various display devices such as a
direct-display device of various kinds of electronic appara-
tuses. In addition, in the case where the electro-optical device
according to the aspect of the invention is the liquid crystal
device, the electro-optical device (liquid crystal device) may
be used for a projection-type display device. The projection-
type display device includes a light source unit for outputting
the illumination light radiated to the electro-optical device
(liquid crystal device) and an optical projecting system for
projecting the light modulated by the liquid crystal device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG.1is ablock diagram showing an electric configuration
of'aliquid crystal device (electro-optical device) according to
the invention.

FIGS. 2A and 2B are diagrams for illustrating a liquid
crystal panel used for the liquid crystal device according to
the invention.

FIGS. 3A and 3B are diagrams showing a pixel of the liquid
crystal device according to a first embodiment of the inven-
tion.

FIG. 4 is a diagram showing an enlarged view around a
pixel transistor of the liquid crystal device according to the
first embodiment of the invention.

FIGS. 5A and 5B diagrams showing a formation region of
anelectrode layer configuring a storage capacitor of the liquid
crystal device according to the first embodiment of the inven-
tion.

FIG. 6 is a diagram schematically showing cross-sectional
location relations of each electrode used for the storage
capacitor or the like of the liquid crystal device according to
the first embodiment of the invention.

FIGS. 7A and 7B are diagrams showing a pixel of the liquid
crystal device according to a second embodiment of the
invention.

FIG. 8 is a schematic view showing a configuration of a
projection-type display device using the liquid crystal device
according to the invention.
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FIG. 9 is a diagram for illustrating problems of the related
art.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Referring to the figures, embodiments of the invention will
be described. The invention will be described based on the
case where it is applied to a liquid crystal device, among
various electro-optical devices. In addition, in regard to the
figures referred to in the following description, the scale of
each layer or member may be changed so that each layer or
member may be so increased to be recognizable on the fig-
ures. In addition, in the case where the direction of current
flowing through a pixel transistor reverses, the source and the
drain are exchanged. However, in this description, the side
connected to the pixel electrode (a source drain region at a
pixel side) is used as the drain, and the side connected to a data
line (a source drain region at a data line side) is used as the
source. In addition, when a layer formed on an element sub-
strate is described, an upper layer side or a surface side means
a side opposite to a substrate body of the element substrate (a
side where an opposite substrate is located), and a lower side
means a side where the substrate body of the element sub-
strate is located. In addition, in the following description,
common parts will have with the same reference symbol
applied thereto so that the correspondence of configurations
may be easily understood with reference to FIG. 8.

First Embodiment
Overall Configuration

FIG.1is a block diagram showing an electric configuration
of'aliquid crystal device (electro-optical device) according to
the invention. FIG. 1 is a block diagram showing an electric
configuration, and does not show shapes, extending direc-
tions, layouts or the like of wires or electrodes.

In FIG. 1, a liquid crystal device 100 (electro-optical
device) of this embodiment has a liquid crystal panel 100p if
a TN (Twisted Nematic) mode or a VA (Vertical Alignment)
mode, and the liquid crystal panel 100p has an image display
region 10a (pixel arrangement region), where a plurality of
pixels 100a are arranged in a matrix shape, at its central
region. In the liquid crystal panel 100p, at an element sub-
strate 10 (see FIGS. 2A and 2B or the like) described later, a
plurality of data lines 6a and a plurality of scanning lines 3a
extend in the vertical and horizontal directions at the inside of
the image display region 10a, and the pixels 100a are pro-
vided at locations corresponding to their crossing points. At
each of the plurality of pixels 100q, a pixel transistor 30 made
of'an electric field effect-type transistor and a pixel electrode
9a described later are formed. The data line 6a is electrically
connected to the source of the pixel transistor 30, and the
scanning line 3a is electrically connected to the gate of the
pixel transistor 30, the pixel electrode 9a is electrically con-
nected to the drain of the pixel transistor 30.

In the element substrate 10, a scanning line driving circuit
104 or a data line driving circuit 101 is installed at the outer
circumference than the image display region 10a. The data
line driving circuit 101 is electrically connected to each data
line 6a and thus supplies image signals, fed from an image
processing circuit, to each data line 6a in order. The scanning
line driving circuit 104 is electrically connected to each scan-
ning line 3a¢ and supplies scanning signals to each scanning
line 3a in order.
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In each pixel 1004, the pixel electrode 9a is opposite to a
common electrode formed at an opposite substrate 20 (see
FIGS. 2A and 2B or the like), described later, via the liquid
crystal layer to configure a liquid crystal capacitor 50a. In
addition, at each pixel 100a, in order to prevent image signal
retained by the liquid crystal capacitor 50a from changing, a
storage capacitor 55 is added in parallel to the liquid crystal
capacitor 50a. In this embodiment, in order to configure the
storage capacitor 55, a first electrode layer 7 formed over the
plurality of pixels 100q is formed as a capacitor electrode
layer. In this embodiment, a common potential Vcom is
applied to the first electrode layer 7.

Configuration of the Liquid Crystal Panel 100p

FIGS. 2A and 2B are diagrams for illustrating a liquid
crystal panel 100p used for the liquid crystal device 100
according to the invention, and FIGS. 2A and 2B are respec-
tively a plane view showing the liquid crystal panel 100p
together with every component at its side, and a cross-sec-
tional view thereof along 1IB-IIB.

As shown in FIGS. 2A and 2B, in the liquid crystal panel
100p, the element substrate 10 (an element substrate for the
electro-optical device/an element substrate for the liquid
crystal device) and the opposite substrate 20 are attached and
adhered by means of a sealant 107 through a predetermined
gap, and the sealant 107 is installed in a frame shape accord-
ing to the outer frame of the opposite substrate 20. The sealant
107 is an adhesive made of a photo-curable resin or thermo-
setting resin, and is mixed with a gap material such as glass
fiber or glass beads to ensure a predetermined distance
between both substrates.

In the liquid crystal panel 100p configured as above, both
the element substrate 10 and the opposite substrate 20 have
rectangular shapes, and at the approximate center of the liquid
crystal panel 100p, the image display region 10a (pixel
arrangement region) described with reference to FIG. 1 is
installed as a rectangular region. Corresponding to the above
shape, the sealant 107 is also installed with an approximately
rectangular shape, and between the inner circumference of
the sealant 107 and the outer circumference of the image
display region 10a, a surrounding region 106 having an
approximately rectangular shape is installed with a frame
shape. In regard to the element substrate 10, at the outer side
of'the image display region 10q, a data line driving circuit 101
and a plurality of terminals 102 are formed along one side of
the element substrate 10, and a scanning line driving circuit
104 is formed along another side adjacent to the side. More-
over, a flexible wiring substrate (not shown) is connected to
the terminal 102, and various potentials or various signals are
input to the element substrate 10 via the flexible wiring sub-
strate.

Though being described later in more detail, at one surface
10s between one surface 10s and the other surface 10¢ of the
element substrate 10, the pixel transistor 30 described with
reference to FIG. 1 and the pixel electrode 9a electrically
connected to the pixel transistor 30 are formed with a matrix
shape at the image display region 10qa, and an orientation film
16 is formed at the upper layer side of the corresponding pixel
electrode 9a.

In addition, in one surface 10s of the element substrate 10,
a dummy pixel electrode 95 (see FIG. 2B) simultaneously
formed with pixel electrode 9a is formed at the surrounding
region 105. In regard to the dummy pixel electrode 95, a
configuration of being electrically connected to a pixel tran-
sistor of the dummy, a configuration of being directly electri-
cally connected to a wiring without installing the pixel tran-
sistor of the pixel, or a configuration of being in a floating
state to which a potential is not applied may be adopted. The



US 9,299,729 B2

7

corresponding dummy pixel electrode 95 compresses height
locations of the image display region 10a and surrounding
region 105 when the surface of the element substrate 10
where the orientation film 16 is formed is flattened, thereby
contributing to making the surface where the orientation film
16 is formed into a flat side. In addition, if the dummy pixel
electrode 95 is set to have a potential, it is possible to prevent
the orientation of liquid crystal molecules from being disar-
rayed from the outer circumferential end of the image display
region 10a.

A common electrode 21 is formed at the surface of the
opposite substrate 20 which faces the element substrate 10,
and an orientation film 26 is formed at the upper layer of the
common electrode 21. Since the common electrode 21 is
formed on approximately the entire surface of the opposite
substrate 20 or over a plurality of pixels 100q as a plurality of
strip-type electrodes, in this embodiment, the common elec-
trode 21 is formed on approximately the entire surface of the
opposite substrate 20. In addition, at the surface of the oppo-
site substrate 20 which faces the element substrate 10, a
light-shielding layer 108 is formed in a lower layer of the
common electrode 21. In this embodiment, the light-shield-
ing layer 108 is formed with a frame shape extending the
outer circumference of the image display region 10a and thus
serves as a break line. Here, the outer circumference of the
light-shielding layer 108 is at a location separated from the
gap with the inner circumference of the sealant 107, and so the
light-shielding layer 108 and the sealant 107 do not overlap.
Moreover, in regard to the opposite substrate 20, the light-
shielding layer 108 may be formed as a black matrix portion
at a region overlapping with an inter-pixel region interposed
between adjacent pixel electrodes 94 or the like.

In the liquid crystal panel 100p configured as above, at the
element substrate 10, an inter-substrate connecting electrode
109 for the electric connection between the element substrate
10 and the opposite substrate 20 is formed in a region over-
lapping with each part of the opposite substrate 20 at an outer
side than the sealant 107. Since an inter-substrate connection
material 1094 containing conductive particles is disposed at
the inter-substrate connecting electrode 109, the common
electrode 21 of the opposite substrate 20 is electrically con-
nected to the element substrate 10 through the inter-substrate
connection material 109a and the inter-substrate connecting
electrode 109. For this reason, a common potential Vcom is
applied to the common electrode 21 from a side of the element
substrate 10. The sealant 107 is installed along the outer
circumference of the opposite substrate 20 with substantially
the same width value. For this reason, the sealant 107 has an
approximately rectangular shape. However, since the sealant
107 is installed to avoid the inter-substrate connecting elec-
trode 109 and pass through the inside in the region overlap-
ping with each part of the opposite substrate 20, each part of
the sealant 107 has an approximately arc shape.

In the liquid crystal device 100 configured as above, if the
pixel electrode 9a and the common electrode 21 are made
using a translucent conductive film such as ITO (Indium Tin
Oxide) or IZO (Indium Zinc Oxide), the transmission-type
liquid crystal device may be configured. In this embodiment,
the liquid crystal device 100 is a transmission type, and in the
element substrate 10 and the opposite substrate 20, the light
incident from a substrate at one side is transmitted through a
substrate at the other side and is modulated while being out-
put, thereby displaying an image.

The liquid crystal device 100 may be used as a color dis-
play device of an electronic apparatus such as mobile com-
puters and cellular phones, and in this case, a color filter (not
shown) or a protection film is formed at the opposite substrate
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20. In addition, the liquid crystal device 100 responds difter-
ently depending on the kind of the liquid crystal layer 50 or
according to a normal white mode/normal black mode, and a
phase difference film, a polarization plate or the like is dis-
posed at the liquid crystal panel 100p in a predetermined
direction. Further, the liquid crystal device 100 may be used
as an RGB light valve of a projection-type display device
(liquid crystal projector), described later. In this case, since
light of each color decomposed through an RGB color-de-
composing dichroic mirror is incident to each of the liquid
crystal device 100 for RGB as a projection light, a color filter
is not formed.

In this embodiment, the description will be focused on the
case where the liquid crystal device 100 is a transmission-
type liquid crystal device used as an RGB light valve of a
projection-type display device, described later, and the light
incident from the opposite substrate 20 is output through the
element substrate 10. In addition, in this embodiment, the
liquid crystal device 100 will be described focusing on the
case where the liquid crystal panel 100p of a VA mode using
a nematic liquid crystal compound in which the dielectric
anisotropy is negative is provided as the liquid crystal layer
50.

Detailed Configuration of the Pixel

FIGS. 3A and 3B are diagrams showing a pixel of the liquid
crystal device 100 according to the first embodiment of the
invention, and FIGS. 3A and 3B are respectively a plane view
showing a plurality of pixels adjacent to each other in regard
to the element substrate 10 and a cross-sectional view when
the liquid crystal device 100 is cut at a location corresponding
to the IIIB-IIIB line of FIG. 3A. FIG. 4 is a diagram showing
an enlarged view around a pixel transistor 30 of the liquid
crystal device 100 according to the first embodiment of the
invention. FIGS. 5A and 5B diagrams showing a formation
region of an electrode layer configuring a storage capacitor 55
of'the liquid crystal device 100 according to the first embodi-
ment of the invention, and FIGS. 5A and 5B are respectively
a diagram showing a formation region of the first electrode
layer 7 as a gray region and a diagram showing a formation
region of the second electrode layer 84 as a gray region.

In addition, in FIGS. 3A, 4, 5A and 5B, the line of each
region is depicted as follows:

the scanning line 3a=thick solid line

the semiconductor layer 1a=thin solid line

the gate electrode 3¢=dotted line

the source electrode 54 and the drain electrode 55 (second
relay electrode)=thin dashed-dotted line

the data line 6a and the relay electrode 64 (first relay
electrode)=thin dashed-dotted dotted line

the second electrode layer 8a=dashed-two dotted line

the pixel electrode 9a=thick broken line

the opening 7a and the contact hole 424 of the first elec-
trode layer 7=thin solid line

In addition, since the dielectric layer 40 is formed at sub-
stantially the same region as the first electrode layer 7, it is not
depicted in FIGS. 3A, 4, 5A and 5B. In addition, in FIGS. 3A,
4, 5A and 5B, even in a case where the ends of some compo-
nents overlap in a plane view, their locations are changed for
better recognition.

As shown in FIGS. 3A, 4, 5A and 5B, in the element
substrate 10, arectangular pixel electrode 94 is formed at each
of'a plurality of pixels 100a, a data line 6a and a scanning line
3a are formed along the region overlapping with the horizon-
tal and vertical inter-pixel regions 10f interposed between
adjacent pixel electrodes 9a (the span between adjacent pixel
electrodes 9a). In more detail, the scanning line 3a extends
along the region overlapping with a first inter-pixel region
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10g extending in the X direction (first direction), among the
inter-pixel regions 10f, and the data line 6a extends along the
region overlapping with a second inter-pixel region 10/
extending in the Y direction (second direction). Since the data
line 6a and the scanning line 3a are respectively elongated
linearly, pixel transistors 30 are formed corresponding to
intersection between the data line 6a and the scanning line 3a.

Here, the data line 6a and the scanning line 3a are formed
with a light-blocking conductive film and thus serve as a
light-shielding layer. In addition, the light-shielding layer
composed of the data line 6a and the scanning line 3a overlaps
with the outer circumferential end of the pixel electrode 9a.
Therefore, in this embodiment, in the region where the pixel
electrode 9a is formed, the region surrounded by the light-
shielding layer composed of the data line 6a and the scanning
line 3a is a translucent region 10p where a display light is
output.

Cross-Sectional Configuration of the Pixel

As shown in FIGS. 3A, 3B, 4, 5A and 5B, the element
substrate 10 generally includes a translucent substrate body
10w of a quartz substrate or a glass substrate, a translucent
pixel electrode 9a formed on the surface of the substrate body
10w at the liquid crystal layer 50 side (at one surface 10s side),
a pixel transistor 30 for switching pixels, and a translucent
orientation film 16. The opposite substrate 20 generally
includes a translucent substrate body 20w of a quartz sub-
strate or a glass substrate, a translucent common electrode 21
formed on the surface thereof at the liquid crystal layer 50 (at
a surface side opposite to the element substrate 10), and a
translucent orientation film 26.

In the element substrate 10, a scanning line 3¢ made of a
conductive film such as a conductive poly-silicon film, a
metal silicide film, a metallic film or a metallic film com-
pound is formed at one surface 10s side of the substrate body
10w, and the scanning line 3a extends along the region over-
lapping with the first inter-pixel region 10g extending in the X
direction (first direction), among the inter-pixel region 10/ In
addition, the scanning line 3a has a protruding portion 3a0
protruding in the Y direction (second direction). In this
embodiment, the scanning line 3a is made of a light-blocking
conductive film such as tungsten silicide (WSix) and thus
serves as a light-blocking film of the pixel transistor 30. In this
embodiment, the scanning line 3a is made of tungsten silicide
with a thickness of about 200 nm. Moreover, an insulating
film such as a silicon oxide film may be installed between the
substrate body 10w and the scanning line 3a.

At one surface 10s side of the substrate body 10w, an
insulating film 12 such as a silicon oxide film is formed at the
upper layer side of the scanning line 3a, and the pixel tran-
sistor 30 having a semiconductor layer 1a is formed at the
surface of the insulating film 12. In this embodiment, the
insulating film 12 has, for example, a two-layered structure
having a silicon oxide film formed by a decompressed CVD
method using tetraethoxysilane (Si(OC2HS5)4) or a plasma
CVD method using tetraethoxysilane and oxygen gas, and a
silicon oxide film (HTO (High Temperature Oxide) film)
formed by a high temperature CVD method.

The pixel transistor 30 includes a semiconductor layer 1a
formed toward the longitudinal direction in the extending
direction of the data line 64 at the intersection region between
the scanning line 3a and the data line 64, and a gate electrode
3¢ extending in a direction orthogonal to the length direction
of the semiconductor layer la and overlapping with an
approximately central portion of the semiconductor layer 1a
in the length direction. In addition, the pixel transistor 30 has
atranslucent gate insulating layer 2 between the semiconduc-
tor layer 1a and the gate electrode 3¢. The semiconductor
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layer 1a has a channel region 1g opposite to the gate electrode
3¢ through the gate insulating layer 2, and a source region 15
and a drain region 1¢ provided at both sides of the channel
region 1g. In this embodiment, the pixel transistor 30 has a
LDD structure. Therefore, the source region 16 and the drain
region lc respectively have low concentration regions 151
and 1¢1 at both sides of the channel region 1g, and have high
concentration regions 152 and 1¢2 at a region adjacent to the
low concentration regions 151 and 1¢1 at a side opposite to
the channel region 1g.

The semiconductor layer 1a is made of a polycrystal sili-
con film or the like. The gate insulating layer 2 has a two-
layered structure having a first gate insulating layer 2a made
of a silicon oxide film obtained by thermally oxidizing the
semiconductor layer 1a, and a second gate insulating layer 26
made of a silicon oxide film formed by a CVD method or the
like. The gate electrode 3¢ is made of a conductive film such
as a conductive poly-silicon film, a metal silicide film, a
metallic film or a metallic film compound, and at both sides of
the semiconductor layer 1a, the gate electrode 3¢ is connected
to the scanning line 3a through contact holes 12a and 125
formed through the gate insulating layer 2 and the insulating
film 12. In this embodiment, the gate electrode 3¢ has a
two-layered structure having a conductive poly-silicon film
with a film thickness of about 100 nm and a tungsten silicide
film with a film thickness of about 100 nm.

In addition, in this embodiment, when the light passing
through the liquid crystal device 100 is reflected by another
member, for the purpose of preventing a malfunction from
occurring at the pixel transistor 30 due to photo current as the
reflected light is incident on the semiconductor layer 1a, the
scanning line 3a is made of a light-blocking film. However,
the scanning line may be formed at the upper layer of the gate
insulating layer 2, and it may be partially formed as gate
electrode 3¢. In this case, the scanning line 3a shown in FIGS.
3A and 3B is formed for light-blocking purposes only.

A translucent interlayer insulating film 41 made of a silicon
oxide film or the like is formed at the upper layer side of the
gate electrode 3¢, and a source electrode 5a and a drain
electrode 55 (the second relay electrode) are made of the same
conductive film at the upper layer of the interlayer insulating
film 41. The interlayer insulating film 41 is made of, for
example, a silicon oxide film formed by means of a plasma
CVD method or the like using silane gas (SH4) and nitrogen
monoxide (N20).

The source electrode 5a and the drain electrode 55 is made
of'a conductive film such as a conductive poly-silicon film, a
metal silicide film, a metallic film or a metallic film com-
pound. In this embodiment, the source electrode 5a and the
drain electrode 54 has a four-layered structure where a tita-
nium (T1) film with a film thickness of 20 nm, a titanium
nitride (TiN) film with a film thickness of 50 nm, an alumi-
num (Al) film with a film thickness of 350 nm, and a TiN film
with a film thickness of 150 nm are laminated in this order.
The source electrode 5a is formed with a rectangular shape in
the region overlapping with the second inter-pixel region 10/
(the region overlapping with the data line 6a) and is connected
to the source region 15 (the source drain region at the data line
side) through a contact hole 41a formed through the inter-
layer insulating film 41 and the gate insulating layer 2.

The drain electrode 55 includes a rectangular portion 561
overlapping with the pixel transistor 30 in a plane view, and a
strip-shaped portion 552 extending from the rectangular por-
tion 561 along the region overlapping with the first inter-pixel
region 10g. In regard to the drain electrode 55, the rectangular
portion 561 partially overlaps with the drain region 1¢ of the
semiconductor layer 1a (the source drain region at the pixel
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electrode side) in a plane view, at the region overlapping with
the second inter-pixel region 10/ (the region overlapping with
the data line 6a), and is thus connected to the drain region 1¢
through a contact hole 415 formed through the interlayer
insulating film 41 and the gate insulating layer 2.

Atranslucent interlayer insulating film 42 made of a silicon
oxide film or the like is formed at the upper layer side of the
source electrode 5a and the drain electrode 5b4. The interlayer
insulating film 42 is made of, for example, a silicon oxide film
made by means of a plasma CVD method using tetraethox-
ysilane and oxygen gas. In this embodiment, the surface of the
interlayer insulating film 42 is flattened by means of chemical
mechanical polishing.

At the upper layer side of the interlayer insulating film 42,
the data line 6a and the relay electrode 65 (the first relay
electrodes) are made of the same conductive film. The data
line 6a and the relay electrode 65 are made of a conductive
film such as a conductive poly-silicon film, a metal silicide
film, a metallic film or a metallic film compound. In this
embodiment, the data line 64 and the relay electrode 65 has a
four-layered structure where a titanium (Ti) film with a film
thickness of 20 nm, a titanium nitride (TiN) film with a film
thickness of 50 nm, an aluminum (Al) film with a film thick-
ness 0of350nm, and a TiN film with a film thickness of 150 nm
are laminated in order.

The data line 6a extends along the region overlapping with
the second inter-pixel region 10/ extending in the Y direction
(second direction) among the inter-pixel region 10f; and is
connected to the source electrode 5a through a contact hole
42a formed through the interlayer insulating film 42.

The relay electrode 65 includes an extended portion 651
provided in the region overlapping with the first inter-pixel
region 10g in a plane view and extending in the X direction,
and a curved portion 652 bent in the Y direction from the
extended portion 651. In addition, the relay electrode 65
includes an overlapping portion 653 provided in the region
overlapping with the first inter-pixel region 10g in a plane
view and extending in the X direction to overlap with the
drain electrode 54 in a plane view, and a protruding portion
654 protruding in the X direction from the end portion of the
drain electrode 55 so that the extended portion 651 is config-
ured with the overlapping portion 653 and a part of the pro-
truding portion 654. In addition, a part of the protruding
portion 654 is bent in the Y direction to configure the curved
portion 652. Here, in the interlayer insulating film 42, a con-
tact hole 424 is formed at a location overlapping with the
overlapping portion 653, and the relay electrode 65 is con-
nected to the drain electrode 55 through the contact hole 425.

Atranslucent interlayer insulating film 43 made of a silicon
oxide film or the like is formed at the upper layer side of the
data line 6a and the relay electrode 64. The interlayer insu-
lating film 43 is made of, for example, a silicon oxide film or
the like formed by a plasma CVD method or the like using
tetraethoxysilane and oxygen gas. In this embodiment, the
surface of the interlayer insulating film 43 is flattened by
chemical and mechanical polishing or the like.
Configuration of the Storage Capacitor 55

At the upper layer side of the interlayer insulating film 42,
a first electrode layer 7 made of a translucent conductive film
such as an ITO film or an 1ZO film, and in this embodiment,
the first electrode layer 7 is made of an ITO film. The first
electrode layer 7 is a capacitor electrode for configuring the
storage capacitor 55. In more detail, the first electrode layer 7
is a capacitor electrode to which a common potential Vcom is
applied, between a pair of capacitor electrodes configuring
the storage capacitor 55, and is configured to overlap a plu-
rality of pixel electrodes 9a. In this embodiment, the first
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electrode layer 7 is integrally formed over the entire image
display region 10a (the pixel arrangement region) where a
plurality of pixels 100a are arranged (the gray region in FIG.
5A). For this reason, the first electrode layer 7 is also formed
at the inter-pixel region 10f. In the first electrode layer 7, an
opening 7a (a non-formation region of the first electrode layer
7/a decolorized region of FIG. 5A) is installed in the region
overlapping with the first inter-pixel region 10g, and the
opening 7a is used for connecting the second electrode layer
8a or the pixel electrode 9a to the relay electrode 65 at the
lower layer side.

A translucent dielectric layer 40 is laminated at the upper
layer of the first electrode layer 7. As the dielectric layer 40,
a silicon compound such as a silicon nitride film as well as a
high dielectric layer such as an aluminum oxide film, a tita-
nium oxide film, a tantalum oxide film, a niobium oxide film,
a hafnium oxide film, a lanthanum oxide film, a zirconium
oxide film or the like may be used. Even though the dielectric
layer 40 is formed at the equivalent, substantially entire,
surface of the first electrode layer 7, similar to the opening 7a
of the first electrode layer 7, an opening 40q is installed at a
portion connecting the second electrode layer 84 or the pixel
electrode 94 to the relay electrode 65 at the lower layer side.

At the upper layer of the dielectric layer 40, a second
electrode layer 8a made of a translucent conductive film such
as an ITO film or an 1ZO film is laminated, and in this
embodiment, the second electrode layer 8a is made of an ITO
film. The second electrode layer 8a overlaps with the first
electrode layer 7 through the dielectric layer 40 to configure
a storage capacitor 55 together with the first electrode layer 7
and the dielectric layer 40. The second electrode layer 8a
overlaps with the extended portion 651 of the relay electrode
65 in regard to the first inter-pixel region 10g to be located
within the opening 7a of the first electrode layer 7 and the
opening 40qa of the dielectric layer 40, and is connected to the
extended portion 651 of the relay electrode 65 through a
contact hole 43a (first contact hole) formed in the interlayer
insulating film 43. In addition, the second electrode layer 8a
is connected to an overlapping portion 6563 of the relay elec-
trode 65 through the contact hole 43a (first contact hole), in
the extended portion 651.

In this embodiment, the second electrode layer 8a is
formed in the region approximately overlapping with the
pixel electrode 9a and is electrically connected to the pixel
electrode 9a in a one-to-one relation through the relay elec-
trode 65 (the gray region in FIG. 5B). Therefore, in the second
electrode layer 8a, since the region overlapping with the
inter-pixel region 10finterposed between adjacent pixel elec-
trodes 9a becomes a non-formation region (the decolorized
region in FIG. 5B), the first conductive layer 7 is located at the
lower layer side of the dielectric layer 40 in the region over-
lapping with the non-formation region.

Configuration of the Interlayer Insulating Film 44 and the
Pixel Electrode 9a

A translucent interlayer insulating film 44 is formed at the
upper layer side of the second electrode layer 8a, and at the
upper layer side of the interlayer insulating film 44, the pixel
electrode 94 made of a translucent conductive film such as an
ITO film or an IZO film is formed to have an approximately
rectangular planar shape. The pixel electrode 9a overlaps
with the curved portion 652 of the relay electrode 66 near the
first inter-pixel region 10g, and the pixel electrode 9a is
located within the opening 7a of the first electrode layer 7 and
the opening 40q of the dielectric layer 40 and is connected to
the protruding portion 654 of the relay electrode 65 through a
contact hole 44a (second contact hole) formed in the inter-
layer insulating film 44. In addition, the pixel electrode 9a is
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connected to the curved portion 652 among the protruding
portion 654 of the relay electrode 65 through the contact hole
44a (second contact hole). In this configuration, the second
electrode layer 8a and the pixel electrode 94 are electrically
connected through the relay electrode 65 and are electrically
connected to the drain region 1c¢ of the pixel transistor 30
through the relay electrode 65 and the drain electrode 54.

In this embodiment, the interlayer insulating film 44 has a
two-layered structure having a silicon oxide film 441 formed
by a plasma CVD method using tetracthoxysilane and oxygen
gas, and a doped silicate glass film 442 formed at the upper
layer side of the silicon oxide film 441 by a normal tempera-
ture CVD, and the doped silicate glass film 442 is a silicate
glass doped with at least one of phosphorus and boron. In the
doped silicate glass film 442, the gas used in the case where a
phosphorus-doped silicate glass (PSG film) is formed is
SiH4, PH3, O3 or the like. The gas used in the case where a
boron-doped silicate glass (BSG film) is formed is SiH4,
B2H6, O3 or the like, and the gas used in the case where a
boron*phosphorus-doped silicate glass film (BPSG film) is
formed is SiH4, B2H6, PH3, O3 or the like. Therefore, the
pixel electrode 9a is formed on the surface of the doped
silicate glass film 442. In addition, in the inter-pixel region 10/
interposed between adjacent pixel electrodes 9a, the doped
silicate glass film 442 exposes from the pixel electrode 9a and
contacts the orientation film 16. In addition, since the surface
of'the doped silicate glass film 442 has a flat side by means of
polishing, the pixel electrode 9a is formed on the flat side. In
the polishing, chemical and mechanical polishing may be
used, and in the chemical and mechanical polishing, a flat
polished surface may be obtained fast by means of the reac-
tion of chemical components included in the polishing agent
and the relative movement between the polishing agent and
the element substrate 10. In more detail, in a polishing device,
the polishing is performed while rotating a holder which
retains the element substrate 10 and a surface plate to which
a polishing cloth (pad) made of a non-woven fabric, foamed
polyurethane, porous fluorine resin or the like is attached. At
this time, for example, a polishing agent containing cerium
oxide or colloidal silica with an average diameter 0f0.01 to 20
um, acrylic acid ester derivative serving as a dispersing agent,
and water is supplied between the polishing cloth and the
element substrate 10.

An orientation film 16 is formed on the surface of the pixel
electrode 94. The orientation film 16 is made of a resin film
such as polyimide, or an oblique deposition film such as a
silicon oxide film. In this embodiment, the orientation film 16
is an inorganic orientation film (vertical orientation film)
made of an oblique deposition film such as SiOx (x<2), SiO2,
TiO2, MgO, A1203, In203, Sh203, Ta205 or the like.
Configuration of the Opposite Substrate 20 Side

In the opposite substrate 20, at the surface of the translu-
cent substrate body 20w such as a quartz substrate or a glass
substrate at the liquid crystal layer 50 side (the surface at a
side opposite to the element substrate 10), the common elec-
trode 21 made of'a translucent conductive film such as an ITO
film is formed, and the orientation film 26 is formed to hide
the common electrode 21. The orientation film 26 is made of
an oblique deposition film such as a resin film such as poly-
imide or a silicon oxide film, similar to the orientation film 16.
In this embodiment, the orientation film 26 is an inorganic
orientation film (vertical orientation film) made of an oblique
deposition film such as SiOx (x<2), SiO2, TiO2, MgO,
Al1203, In203, Sb203, Ta205 or the like. The orientation
films 16 and 26 make the dielectric anisotropy using the liquid
crystal layer 50 vertically orient the negative nematic liquid
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crystal compound, and the liquid crystal panel 100p is oper-
ated in a normal black VA mode.

Moreover, the data line driving circuit 101 and the scanning
line driving circuit 104 described with reference to FIGS. 1,
2A and 2B is provided with a complementary transistor cir-
cuit having an n-channel type driving transistor and a p-chan-
nel type driving transistor. Here, driving transistor is formed
by using a part of the manufacturing process of the pixel
transistor 30. For this reason, the region of the element sub-
strate 10 where the data line driving circuit 101 and the
scanning line driving circuit 104 are formed has substantially
the same cross-sectional configuration as the cross-sectional
configuration shown in FIG. 3B.

Main Effects of this Embodiment

FIG. 6 is a diagram schematically showing cross-sectional
location relations of each electrode used in the storage capaci-
tor 55 or the like of the liquid crystal device 100 according to
the first embodiment of the invention.

In the liquid crystal device 100 of this embodiment, as
schematically shown in FIG. 6, the storage capacitor 55
includes a translucent first electrode layer 7, a translucent
dielectric layer 40, and a translucent second electrode layer
8a. For this reason, even though the formation region of the
storage capacitor 55 is spread to increase the capacity of the
storage capacitor 55, the output light quantity of the display
light is not disturbed. In particular, in this embodiment, at the
substrate body 10w, in the region overlapping with the inter-
pixel region 10finterposed between adjacent pixel electrodes
9a in a plane view, the data line 6a and scanning line 3a is
installed as a light-shielding layer, and so only the translucent
region 10p surrounded by the light-shielding layer is a region
allowing transmission of the display light. However in this
embodiment, in order to configure the storage capacitor 55 by
means of the translucent first electrode layer 7, the translucent
dielectric layer 40, and the translucent second electrode layer
8a, even though the formation region of the storage capacitor
55 is spread up to the translucent region to increase capacity
of the storage capacitor 55, the output light quantity of the
display light is not disturbed.

In addition, since this embodiment uses three translucent
electrodes (the pixel electrode 9a, the first electrode layer 7
and the second electrode layer 8a), the translucent interlayer
insulating film 44 may be provided between the storage
capacitor 55 and the pixel electrode 9a. Therefore, as
described later, even in the case where the first electrode layer
7 is present in the region overlapping the space between
adjacent pixel electrodes 9a (the inter-pixel region 10f) in a
plane view, since at least the interlayer insulating film 44 is
interposed between the first electrode layer 7 and the pixel
electrode 9a, the potential distribution is not disarrayed near
the end portion of the pixel electrode 94, and thus the orien-
tation of liquid crystal molecules may be suitably controlled
even at the end portion of the pixel electrode 9a.

In more detail, in this embodiment, since the first electrode
layer 7 configuring the storage capacitor 55 is installed to
overlap a plurality of pixel electrodes 9a in a plane view, the
first electrode layer 7 is formed in the region overlapping with
the pixel electrode 9a and in the region overlapping with the
inter-pixel region 10finterposed between adjacent pixel elec-
trodes 9a. In this aspect, since the second electrode layer 8a is
electrically connected to the pixel electrode 9a in a one-to-
one relationship, a non-formation region is formed in the
region overlapping with the inter-pixel region 10f. For this
reason, in the region overlapping the space interposed
between adjacent second electrode layers 8a (the inter-pixel
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region 10finterposed between adjacent pixel electrodes 9a),
the first conductive layer 7 is located at the lower layer side of
the dielectric layer 40. In addition, a common potential Vcom
is applied to the first electrode layer 7, similar to the common
electrode 21 at the opposite substrate 20 side.

Here, in the liquid crystal device 100, the orientation of
liquid crystal molecules of the liquid crystal layer 50 is con-
trolled by a vertical electric field (the electric field depicted by
the arrow V1) formed between the pixel electrode 9a at the
element substrate 10 and the common electrode 21 to which
a common potential Vcom is applied in regard to the opposite
substrate 20, thereby performing light modulation to every
pixel. At this time, since the common potential Vcom is
applied to the first electrode layer 7, an unnecessary electric
field (the electric field depicted by the arrow V2) tends to be
generated between the end portion of the pixel electrode 9a
and the first electrode layer 7, but in this embodiment, the
interlayer insulating film 44 is interposed between the first
electrode layer 7 and the pixel electrode 9a. Therefore,
according to this embodiment, since an unnecessary electric
field depicted by the arrow V2 is not generated, the potential
distribution is not disarrayed near the end portion of the pixel
electrode 9a, and the orientation of liquid crystal molecules
may be controlled very suitably even for the end portion of the
pixel electrode 9a.

In addition, in this embodiment, the second electrode layer
8a is installed to the dielectric layer 40 at a side where the
pixel electrode 9a is located, and the first electrode layer 7 is
installed to the dielectric layer 40 at a side where the substrate
body 10w is located. For this reason, the interlayer insulating
film 44 is interposed and the dielectric layer 40 is located
between the pixel electrode 9 and the first electrode layer 7.
Therefore, according to this embodiment, it is possible to
securely prevent an unnecessary electric field depicted by the
arrow V1 from being generated.

In addition, in this embodiment, the second electrode layer
8a is installed to the dielectric layer 40 at a side where the
pixel electrode 9a is located, and the first electrode layer 7 is
installed to the dielectric layer 40 at a side where the substrate
body 10w is located. For this reason, in the first electrode
layer 7, the pixel electrode 9a and the second electrode layer
8a to which a pixel potential is applied are present only at one
surface side, and at the substrate body 10w side (the lower
portion) of the first electrode layer 7, the pixel electrode 9a
and the second electrode layer 8a to which a pixel potential is
applied are not present. Therefore, in the data line 6a, an
unnecessary capacity is not parasitic between the pixel elec-
trode 9a of the pixel 100a and the second electrode layer 8a.
In addition, the data line 6a does not receive a potential
influence by the pixel electrode 9a and the second electrode
layer 8a in an oft-state, among its corresponding pixels 100a.
Therefore, since driving loss does not occur, it is possible to
reduce power consumption. In particular, in this embodiment,
even though only the interlayer insulating film 43 is inter-
posed between the storage capacitor 55 and the data line 6a,
since the first electrode layer 7 is interposed between the data
line 6a and the pixel electrode 9a and the second electrode
layer 8a, the electric influence on the data line 64 is small.

In addition, in the liquid crystal device 100 of this embodi-
ment, since the interlayer insulating film 44 is interposed
between the second electrode layer 8a and the pixel electrode
9a, the base where the pixel electrode 9a is formed (the
surface of the interlayer insulating film 44) may be polished
into a flat side. For this reason, the pixel electrode 9a may be
formed on the flat side. In addition, since the surface of the
interlayer insulating film 44 is flattened by polishing, the
thickness d1 of the interlayer insulating film 44 in the region
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overlapping the space between adjacent second electrode lay-
ers 8a increases in comparison to the thickness d2 of the
interlayer insulating film 44 in the region overlapping with
the second electrode layer 8a as much as the thickness part of
the second electrode layer 8a. Therefore, in a portion located
between adjacent second electrode layers 8a, since the thick
interlayer insulating film 44 is present at the upper layer side
of'the first electrode layer 7, it is possible to securely prevent
an unnecessary electric field depicted by the arrow V1 from
being generated, and so orientation of liquid crystal mol-
ecules may be controlled very suitably even at the end portion
of the pixel electrode 9a.

In addition, in regard to the first electrode layer 7, since the
opening 7a is formed in the region overlapping with the first
inter-pixel region 10g, in the region overlapping with the
opening 7a, the relay electrode 65 (first relay electrode) for
electrically connecting the pixel electrode 9a and the second
electrode layer 8a to each other is installed. For this reason,
even in the case where the first electrode layer 7 is formed
over a wide range, electric connection may be made to the
pixel electrode 9a. In addition, since the opening 7a formed in
the region overlapping with the first inter-pixel region 10g is
used, electric connection may be made to the pixel electrode
9a without greatly reducing the region where the display light
may be output.

In addition, the contact hole 43a (first contact hole) for
electrically connecting the relay electrode 65 and the second
electrode layer 84 is installed in the region overlapping with
the extended portion 651 of the relay electrode 65, and the
contact hole 44a (second contact hole) for electrically con-
necting the relay electrode 65 and the pixel electrode 9a is
installed in the region overlapping with the curved portion
652 ofthe relay electrode 65. In this embodiment as described
above, since the relay electrode 65 formed in the region
overlapping with the first inter-pixel region 10g is used, elec-
tric connection may be made to the pixel electrode 9a without
greatly reducing the region where the display light may be
output. In addition, in order to made electric connection
between the drain electrode 56 and the relay electrode 65 by
using the region overlapping with the first inter-pixel region
10g, electric connection may be made between the drain
electrode 55 and the relay electrode 65 without greatly reduc-
ing the region where the display light may be output.

In addition, in this embodiment, the upper layer side of the
interlayer insulating film 44 is a doped silicate glass film 442
doped with at least one of phosphorus and boron, and the
silicate glass is porous and has a hygroscopic property. In
addition, among the doped silicate glass film 442, the portion
formed in the region overlapping with the inter-pixel region
10fis exposed from the pixel electrode 9a and contacts the
orientation film 16. For this reason, in the case where mois-
ture is mixed into the liquid crystal layer 50 installed at the
upper layer side of the pixel electrode 9a, the doped silicate
glass film 442 removes the moisture from the liquid crystal
layer 50 through the orientation film 16. Therefore, the char-
acteristics and reliability of the liquid crystal device 100 may
be improved. In addition, since the doped silicate glass film
442 has a high polishing rate, the surface of the interlayer
insulating film 44 (the doped silicate glass film 442) may be
efficiently polished.

Second Embodiment

FIGS. 7A and 7B is a diagram for illustrating a pixel of a
liquid crystal device 100 according to the second embodiment
of the invention, and FIGS. 7A and 7B are respectively a
cross-sectional view showing the liquid crystal device 100 cut
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at a location corresponding to the VIIA-VIIA line of FIG. 3A
and a diagram schematically showing cross-sectional loca-
tionrelations of electrodes used for the storage capacitor 55 or
the like. Moreover, since the basic configuration of this
embodiment is similar to the first embodiment, common por-
tions are given the same reference symbols and are not
described in detail.

As shown in FIGS. 7A and 7B, the liquid crystal device 100
of'this embodiment includes a storage capacitor 55 composed
of a translucent first electrode layer 7, a translucent dielectric
layer 40, and a translucent second electrode layer 8a, similar
to the first embodiment. For this reason, even though the
formation region of the storage capacitor 55 is spread to
increase the capacity of the storage capacitor 55, the output
light quantity of the display light is still not disturbed.

Here, the storage capacitor 55 is vertically inverse to the
first embodiment so that the second electrode layer 8a is
installed to the dielectric layer 40 at a side where the substrate
body 10w is located and the first electrode layer 7 is installed
to the dielectric layer 40 at a side where the pixel electrode 9a
is located.

Even in this configuration, the interlayer insulating film 44
is interposed between the first electrode layer 7 and the pixel
electrode 9a. Therefore, even in the case where the first elec-
trode layer 7 is present in the region overlapping the space
between adjacent pixel electrodes 94 (the inter-pixel region
10f) in a plane view, an unnecessary electric field (the electric
field depicted by the arrow V2) may not be easily generated
between the end portion of the pixel electrode 9a and the first
electrode layer 7. Therefore, the potential distribution is not
disarrayed near the end portion of the pixel electrode 94, the
orientation of liquid crystal molecules may still be suitably
controlled even for the end portion of the pixel electrode 9a.
In addition, the surface of the insulating film 44 interposed
between the first electrode layer 7 and the pixel electrode 9a
is flattened into a flat side. For this reason, the pixel electrode
9a may be formed on a flat side. In addition, since the surface
of the interlayer insulating film 44 is flattened by polishing,
the thickness d1 of the interlayer insulating film 44 in the
region overlapping the space between adjacent second elec-
trode layers 8a increases in comparison to the thickness d2 of
the interlayer insulating film 44 in the region overlapping
with the second electrode layer 8a as much as the thickness
part of the second electrode layer 8a. Therefore, in a portion
located between adjacent second electrode layers 8a, since
the thick interlayer insulating film 44 is present at the upper
layer side of the first electrode layer 7, the same effects as in
the first embodiment obtained, for example securely prevent-
ing an unnecessary electric field depicted by the arrow V1
from being generated.

Other Embodiments

In addition, even though the invention has been applied to
the liquid crystal device 100 in the above embodiments, the
invention may also be applied to an electro-optical device
such as an organic electroluminescence device, other than the
liquid crystal device 100.

Configuration Example of Electronic Apparatus

An electronic apparatus having the liquid crystal device
100 according to the above embodiment will be described.
FIG. 8 is a schematic diagram showing a projection-type
display device using the liquid crystal device 100 according
to the invention. The projection-type display device 110
shown in FIG. 8 is a so-called projection-type display device
which irradiates light to a screen 111 at an observer side and
observes the light reflected by the screen 111. The projection-
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type display device 110 includes a light source unit 130
having a light source 112, dichroic mirrors 113 and 114,
liquid crystal light valves 115 to 117 (the liquid crystal device
100), an optical projecting system 118, a cross dichroic prism
119 and a relay system 120.

The light source 112 includes an ultra high pressure mer-
cury lamp supplying light including red light, green light and
blue light. The dichroic mirror 113 is configured to allow the
red light from the light source 112 to pass and to reflect the
green light and the blue light. In addition, the dichroic mirror
114 is configured to allow the blue light to pass, among the
green light and blue light reflected by the dichroic mirror 113,
and to reflect the green light. As described above, the dichroic
mirrors 113 and 114 configures a color separating optical
system which divides the light output from the light source
112 into red light, green light and blue light.

Here, between the dichroic mirror 113 and the light source
112, an integrator 121 and a polarization converting element
122 are disposed in order from the light source 112. The
integrator 121 is configured to regularize the illumination
distribution of the light irradiated from the light source 112. In
addition, the polarization converting element 122 is config-
ured to polarize the light from the light source 112 into, for
example, a polarized light having a specific oscillating direc-
tion like the s-polarized light.

The liquid crystal light valve 115 is a transmission-type
liquid crystal device 100 which modulates the red light pass-
ing through the dichroic mirror 113 and reflected by the
reflective mirror 123 according to an image signal. The liquid
crystal light valve 115 includes a A/2 retardation plate 1154, a
first polarization plate 1155, a liquid crystal panel 115¢ and a
second polarization plate 115d. Here, the red light incident to
the liquid crystal light valve 115 is still the s-polarized light
since the polarization of the light is not changed even though
passing through the dichroic mirror 113.

The A\/2 retardation plate 115a is an optical device which
converts the s-polarized light incident to the liquid crystal
light valve 115 into a p-polarized light. In addition, the first
polarization plate 1155 is a polarization plate which blocks
the s-polarized light and allows the p-polarized light to pass.
In addition, the liquid crystal panel 115¢ is configured to
convert the p-polarized light into s-polarized light (circular
polarized light or oval polarized light in the case of a middle
tone) by means of modulation according to the image signal.
Further, the second polarization plate 1154 is a polarization
plate which blocks the p-polarized light and allows the s-po-
larized light to pass. Therefore, the liquid crystal light valve
115 is configured to modulate the red light according to the
image signal and to output the modulated red light toward the
cross dichroic prism 119.

In addition, the A/2 retardation plate 1154 and the first
polarization plate 1155 are disposed to contact a translucent
glass plate 115¢ which does not convert the polarized light in
order to prevent the A/2 retardation plate 115a and the first
polarization plate 1155 from being distorted by heating.

The liquid crystal light valve 116 is a transmission-type
liquid crystal device 100 which modulates the green light
reflected by the dichroic mirror 113 and then reflected by the
dichroic mirror 114 according to the image signal. In addi-
tion, the liquid crystal light valve 116 includes a first polar-
ization plate 1165, a liquid crystal panel 116¢ and a second
polarization plate 1164, similar to the liquid crystal light
valve 115. The green light incident to the liquid crystal light
valve 116 is s-polarized light incident after being reflected by
the dichroic mirrors 113 and 114. The first polarization plate
1164 is a polarization plate which blocks the p-polarized light
and allows the s-polarized light to pass. In addition, the liquid
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crystal panel 116¢ is configured to convert the s-polarized
light into p-polarized light (circular polarized light or oval
polarized light in the case of a middle tone) according to the
image signal. Further, the second polarization plate 1164 is a
polarization plate which blocks the s-polarized light and
allows the p-polarized light to pass. Therefore, the liquid
crystal light valve 116 is configured to modulate the green
light according to the image signal and to output the modu-
lated green light toward the cross dichroic prism 119.

The liquid crystal light valve 117 is a transmission-type
liquid crystal device 100 which modulates the blue light
reflected by the dichroic mirror 113, passing through dichroic
mirror 114 and then passing through the relay system 120
according to the image signal. In addition, the liquid crystal
light valve 117 includes a A/2 retardation plate 1174, a first
polarization plate 1175, a liquid crystal panel 117¢ and a
second polarization plate 1174, similar to the liquid crystal
light valves 115 and 116. Here, the blue light incident to the
liquid crystal light valve 117 is reflected by the dichroic
mirror 113, passes through the dichroic mirror 114 and then is
reflected by two reflective mirrors 125a and 1255, described
later, of the relay system 120, thereby becoming s-polarized
light.

The A/2 retardation plate 117a is an optical device which
converts the s-polarized light incident to the liquid crystal
light valve 117 into p-polarized light. In addition, the first
polarization plate 1175 is a polarization plate which blocks
the s-polarized light and allows the p-polarized light to pass.
In addition, the liquid crystal panel 117¢ is configured to
convert the p-polarized light into s-polarized light (circular
polarized light or oval polarized light in the case of a middle
tone) by means of modulation according to the image signal.
Further, the second polarization plate 1174 is a polarization
plate which blocks the p-polarized light and allows the s-po-
larized light to pass. Therefore, the liquid crystal light valve
117 is configured to modulate the blue light according to the
image signal and to output the modulated blue light toward
the cross dichroic prism 119. Moreover, the A/2 retardation
plate 117a and the first polarization plate 1175 are disposed to
contact a glass plate 117e.

The relay system 120 includes relay lenses 124a and 1245
and reflective mirrors 125a and 1255. The relay lenses 124a
and 1245 are installed to prevent a light loss caused by a long
light path of the blue light. Here, the relay lens 124qa is
disposed between the dichroic mirror 114 and the reflective
mirror 125q. In addition, the relay lens 1245 is disposed
between the reflective mirrors 1254 and 1255. The reflective
mirror 125a is disposed to reflect the blue light passing
through the dichroic mirror 114 and output from the relay lens
124a to be oriented toward the relay lens 1244. In addition,
the reflective mirror 1255 is disposed to reflect the blue light
output from the relay lens 1245 to be oriented toward the
liquid crystal light valve 117.

The cross dichroic prism 119 is a color synthesizing optical
system where two dichroic films 1194 and 1195 are orthogo-
nally arranged in an X shape. The dichroic film 1194 is a film
which reflects the blue light and allows the green light to pass,
and the dichroic film 1195 is a film which reflects the red light
and allows the green light to pass. Therefore, the cross dich-
roic prism 119 synthesizes the red light, the green light and
the blue light, respectively modulated by the liquid crystal
light valve 115 to 117, to be output toward the optical pro-
jecting system 118.

In addition, the light incident from the liquid crystal light
valves 115 and 117 to the cross dichroic prism 119 is s-po-
larized light, and the light incident from the liquid crystal
light valve 116 to the cross dichroic prism 119 is p-polarized
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light. As described above, the light incident to the cross dich-
roic prism 119 has different kinds of polarized light, and the
light incident from each of the liquid crystal light valve 115 to
117 may be composed by means of the cross dichroic prism
119. Here, generally, the dichroic films 1194 and 1195 have
excellent reflective transistor characteristics of the s-polar-
ized light. For this reason, the red light and the blue light
reflected by the dichroic films 119a and 1195 are s-polarized
light, and the green light passing through the dichroic films
119a and 1195 is p-polarized light. The optical projecting
system 118 has a transparent lens (not shown) and is config-
ured to project the light composed by the cross dichroic prism
119 to the screen 111.

Other Projection-type Display Devices

In addition, the projection-type display device may use a
LED light source or the light, which outputs light of each
color, as a light source unit so that the light of each color,
output from the LED light source may be supplied t different
liquid crystal devices.

Other Electronic Apparatuses

The liquid crystal device 100 according to the invention
may be used as a direct-view display device of an electronic
apparatus such as cellular phones, PDA (Personal Digital
Assistants), digital cameras, liquid crystal TV, car navigation
devices, picture phones, POS terminals, and various kinds of
equipment having a touch panel as well as the above elec-
tronic apparatus.

This application claims priority to Japan Patent Applica-
tion No. 2011-081642 filed Apr. 1, 2011, the entire disclo-
sures of which are hereby incorporated by reference in their
entireties.

What is claimed is:

1. An electro-optical device, comprising:

a substrate;

a translucent pixel electrode disposed over one side of the
substrate;

a transistor disposed to correspond to the pixel electrode;

a data line disposed between the pixel electrode and the
substrate, the data line being electrically connected to
the transistor; and

a storage capacitor disposed between the pixel electrode
and the substrate, and in which a translucent first elec-
trode layer overlapping with the pixel electrode in a
plane view, a translucent second electrode layer electri-
cally connected to the pixel electrode, and a translucent
dielectric layer interposed between the first electrode
layer and the second electrode layer are laminated,

wherein the first electrode layer overlaps with the data line,
the first electrode layer having an opening disposed so as
not to overlap with the data line, the opening being
completely surrounded by the first electrode layer.

2. The electro-optical device according to claim 1, further

comprising:

a first relay electrode disposed so as to overlap with the
opening of the first electrode layer,

wherein the first relay electrode is electrically connected,
respectively, to the pixel electrode and the second elec-
trode layer via a contact hole.

3. The electro-optical device according to claim 2,

wherein the first relay electrode includes an extended por-
tion extending in a first direction in a region overlapping
the space between adjacent pixel electrodes in a plane
view, and a curved portion curved from the extended
portion in a second direction crossing the first direction
and,
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wherein a first contact hole for electrically connecting the
first relay electrode and the second electrode layer is
disposed in a region overlapping with the extended por-
tion, and

wherein a second contact hole for electrically connecting

the first relay electrode and the pixel electrode is dis-
posed in a region overlapping with the curved portion.

4. The electro-optical device according to claim 2, further
comprising:

a transistor disposed to correspond to the pixel electrode;

and

a second relay electrode for electrically connecting the

transistor and the first relay electrode,

wherein the second relay electrode is disposed to overlap

with the transistor in a plane view and disposed to extend
in the first direction in the region overlapping the space
between adjacent pixel electrodes,

wherein the first relay electrode includes, in a plane view,

an overlapping portion extending in the first direction in
the region overlapping the space between adjacent pixel
electrodes to overlap with the second relay electrode in
a plane view, and a protruding portion protruding in the
first direction from the end of the second relay electrode
in the region overlapping the space between adjacent
pixel electrodes in a plane view,

wherein the second electrode layer is electrically con-

nected to the overlapping portion through the first con-
tact hole, and

wherein the pixel electrode is electrically connected to the

protruding portion through the second contact hole.

5. The electro-optical device according to claim 1,

wherein the first electrode layer is disposed on the dielec-

tric layer at the substrate side, and

wherein the second electrode layer is disposed on the

dielectric layer at the pixel electrode side.

6. The electro-optical device according to claim 1,

wherein the first electrode layer is disposed on the dielec-

tric layer at the pixel electrode side, and

wherein the second electrode layer is disposed on the

dielectric layer at the substrate side.

7. The electro-optical device according to claim 1, wherein
the surface of an interlayer insulating film disposed between
the storage capacitor and the pixel electrode has a flat side.

8. The electro-optical device according to claim 1, wherein
the first electrode layer is disposed at the entire surface of a
pixel arrangement region where a plurality of the pixel elec-
trodes are arranged.

9. The electro-optical device according to claim 1,

wherein a light-shielding layer is disposed in the region

overlapping the space between adjacent pixel electrodes
in a plane view, and

wherein the storage capacitor is at least disposed within the

region overlapping a translucent region surrounded by
the light-shielding layer in a plane view.

10. The electro-optical device according to claim 1,

wherein the substrate retains the liquid crystal layer

between the substrate and a translucent opposite sub-
strate arranged to face each other at one surface side of
the substrate.

11. A projection-type display device, comprising:

the electro-optical device according to claim 1;

a light source unit for outputting the illumination light

radiated to the electro-optical device; and

an optical projecting system for projecting the light modu-

lated by the electro-optical device.

12. An electronic apparatus, comprising the electro-optical
device according to claim 1.
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13. The electro-optical device according to claim 1,
wherein the first electrode layer is integrally formed over an
entire image display region where a plurality of pixels are
arranged.

14. The electro-optical device according to claim 1,
wherein the first electrode layer and the second electrode
layer each substantially overlap a region between adjacent
data lines and adjacent scanning lines.

15. The electro-optical device according to claim 2,
wherein the opening is disposed over a data line.

16. An electro-optical device, comprising:

a substrate;

a pixel electrode that transmits a light;

a transistor disposed to correspond to the pixel electrode;

a data line disposed between the pixel electrode and the
substrate, the data line being electrically connected to
the transistor; and

a storage capacitor disposed between the pixel electrode
and the substrate,

the storage capacitor including a first electrode, a second
electrode, and a dielectric layer that is disposed between
the first electrode and the second electrode,

the first electrode, the second electrode, and the storage
capacitor transmitting light,

the first electrode overlapping with the pixel electrode in
plane view, and

the second electrode being electrically connected to the
pixel electrode,

wherein the first electrode layer overlaps with the data line,
the first electrode layer having an opening disposed so as
not to overlap with the data line, the opening being
completely surrounded by the first electrode layer.

17. The electro-optical device according to claim 16, fur-

ther comprising:

a first relay electrode that electrically connects the pixel
electrode and the second electrode; and

a contact hole that electrically connects the first relay elec-
trode and the pixel electrode,

the first relay electrode being disposed in an opening of the
first electrode in plane view,

the first relay electrode having a first portion extending in a
first direction, and a second portion that is connected to
the first portion, and

the contact hole overlapping the second portion in plane
view.

18. An electro-optical device, comprising:

a substrate;

a translucent pixel electrode disposed over one side of the
substrate;

a data line disposed between the substrate and the pixel
electrode, the data line being electrically connected to
the transistor; and

an insulating film disposed between the data line and the
pixel electrode; and

a storage capacitor disposed between the insulating film
and the pixel electrode, in which a translucent first elec-
trode overlaps with a central region of the pixel electrode
in a plane view, a translucent second electrode electri-
cally connected to the pixel electrode, and a translucent
dielectric layer interposed between the first electrode
and the second electrode are laminated,

wherein the first electrode layer overlaps with the data line,
the first electrode layer having an opening disposed so as
not to overlap with the data line, the opening being
completely surrounded by the first electrode layer.
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